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INTRODUCTION 
Insects continue to be among the most successful organ¬ 
isms on earth. Their high degree of success is due partially 
to their ability to adapt to a changing environment. Con¬ 
tinued use of a given insecticide is an evolutionary force 
v/hich may select individuals of a species which are resis¬ 
tant to that insecticide and thereby give rise to a resistant 
strain. DDT-resistant house flies provide an example of 
resistance that has developed in an organism after continued 
exposure to an insecticide. In order to combat the possi¬ 
bility of development of resistant strains of pest insects, 
and to provide more potent insecticides which do not leave 
objectionable residues, research on new and improved chemical 
control agents must be continued. 
Two primary aspects of an effective insecticide are its 
insecticidal activity and residual life. Since alfalfa is 
host to an extensive variety of destructive insect species, 
a potential control agent should possess comprehensive in¬ 
secticidal activity. The major objective of an alfalfa spray 
program in the Northeast is control of the alfalfa weevil, 
Hypera postica (Gyllenhal). The alfalfa weevil has been the 
most numerous and the most destructive pest on alfalfa in 
Massachusetts for several years (Shaw et al. 1967). Left un¬ 
checked, the alfalfa weevil is capable of causing damages to 
alfalfa ranging from reduced yields during low infestations 
to total destruction of the crop during particularly heavy 
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outbreaks. Other pest insects commonly found on alfalfa in¬ 
clude the pea aphid, Acvrthosfphon pisum (Harris), various 
species of plant bugs, the meadow spittle bug, Phi^eanus 
spumarins (L.), several species of leafhoppers, and root 
curculios (Shaw et al. 1967). 
The x*esidual life of the insecticide is another important 
consideration. Since alfalfa in Massachusetts is harvested 
frequently, i.e., two to four cuttings per season, the in¬ 
secticide preferably should not persist for more than 21 
days. Dairy cattle are the primary consumers of alfalfa in 
this state. Therefore, it is of the utmost importance to 
select an insecticide with a relatively short residual life 
so as to avoid the possibility of milk contamination. 
Several experimental insecticides are currently being 
evaluated as potential alfalfa pest control agents. One such 
chemical is Imidan 0,0-dimethyl (N-phthalimidomethyl) phos- 
phorodithioate, a product of the Stauffer Chemical Company. 
Imidan, formerly known as Stauffer 1504, is produced in both 
wettable powder and emulsifiable concentrate formulations. 
It was the purpose of this investigation to compare the in¬ 
secticidal effectiveness and residual life of two formulations 
of Imidan, Imidan WP-50 (a wettable powder containing 50% 
Imidan by weight) and Imidan 3-E (an emulsifiable liquid con¬ 
taining 3 pounds Imidan per gallon of formulation) when used 
on alfalfa. 
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The chemical name of Imidan is 
0,0~dimethyl (N-phthalimidomethyl) phosphorodithioate 
The empirical formula is: 
ChH12o4nps2 
The structural formula is: 
Physical properties of Imidan: 
Physical state: 
Molecular weight: 
Melting point: 
Crystalline solid 
317.33 
72.0-72.7°C. 
Solubility: 
Hydrolysis: 
Essentially insoluble in 
water (25 ppm at 250C). 
Solubility greater than 
10% in organic solvents, 
such as acetone, methyl- 
ethyl ketone, dichloro- 
methane, methylene 
chloride, and xylene. 
At an initial concentration 
of 20 ppm, Imidan is hydro- 
lized by 50% in 13 days at 
pH 4.5; in less than 12 hrs. 
at pH 7.0; and in less than 
4 hrs. at pH 8.3 in buffered 
aqueous solutions. 
Toxicology 
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Acute oral toxicity (to male albino rats and male Swiss mice: 
Technical Imidan: Rats: LD-50 = 226 mgAg* 
Imidan WP-50: Rats: LD-50 = 233 (143-378) mgAg* 
Swiss mice: LD-50 = 108 (74.1-157) mgAg* 
Imidan 3-E: Rats: LD-50 = 596 mgAg* 
Acute dermal toxicity (to albino rabbits): 
Technical Imidan: LD-50 
Imidan WP-50: LD-50 
Imidan 3-E: LD-50 
= greater than 3,160 mg/kg. 
= greater than 1,000 mg/kg. 
= greater than 1,900 mg/kg. 
Acute eye application (to albino rabbits): 
Technical Imidan: A single application of 3 mg. to the 
eye of albino rabbits produced a mild 
degree of irritation which subsided 
within one to twenty-four hours 
following application. 
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LITERATURE REVIEW 
Metabolism of Imidan 
/ 
The metabolism of Imidan has been determined in rats, 
cattle, cockroaches, cotton plants, water and soils. In rats, 
Imidan is readily metabolized to phthalaraic and phthalic 
acids (McBain et al. 1968, Ford et al. 1966, Menn, McBain and 
Ford 1965). These metabolites are relatively non-toxic to 
\ 
rats; the acute oral LD50 being 7500 - 8000 mg/kg. (McBain et 
al. 1968). Primary absorption of Imidan is through the gas¬ 
trointestinal tract; elimination ta3ces place chiefly in the 
urine and to a lesser degree in the feces (Ford et al. 1966). 
The principal metabolites, phthalamic and phthalic acids, 
are products of hydrolysis and account for 40.7% and 21%, 
respectively, of the administered dose of Imidan. Imidan 
* 
and its thiol analog, Imidoxon, account for no more than 
0.04% of the original dose. The oxidation of Imidan to 
Imidoxon occurs in the rat liver microsome-NADPH2 system 
(McBain et al. 1968). 
Imidoxon was found in the internal extracts of Imidan- 
treated German cockroaches two hours after topical treatment 
with Imidan (Menn, McBain, and Adelson 1965). McBain et al. 
(1968) confirmed that Imidan was metabolized to Imidoxon in 
the abdomen microsome-NADPH2 system. However, the major 
metabolite found in roaches was phthalamic acid (McBain et 
al. 1968). 
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/ 
The fate of Cj^-labeled Imidan applied dermally to a 
steer weis determined by Chamberlain (1965). He found that 
Imidan was absorbed moderately through the skin, and rapidly 
broken down in the blood system. The primary degradation of 
% 
Imidan occurred at the nitrogen atom, resulting in the pro¬ 
duction of phthalic and phthalamic acids. The principal 
route of elimination was found to be via the urine. 
Menn and McBain (1964) found that Imidan was readily 
absorbed by the leaves of cotton plants, but that it was not 
translocated in the plant. The major metabolites were found 
to be phthalamic, phthalic and benzoic acids. The progress 
of Imidan was traced by using C^-labeled Imidan. The 
presence of C14O2 and C14 in plant constituents indicated 
that the phthalimide moiety of Imidan was further decarboxy- 
lated and metabolized. Since Imidoxon was not found, it was 
concluded that hydrolysis predominated over oxidation in the 
breakdown of Imidan in cotton plants. 
The degradation of Imidan and Imidoxon in soils is de¬ 
pendant upon soil pH and moisture. Water is an important 
agent in the breakdown of Imidan in soil, since the break¬ 
down of Imidan and many other organophosphates as well is 
dependant upon hydrolysis (Menn, McBain, and Adelson 1965). 
It was found that the end products of hydrolysis at pH 8.5 
and at room temperature were phthalamic acid and 0,0-dimethy1- 
phosphorodithioic acid. Phthalamic acid is gradually con¬ 
verted to phthalic acid at pH 4.5 (Menn, McBain, and Ford 
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1965). Menn, McBain and Adelson (1965) concluded that Iraidan 
breaks down most rapidly in moist, alkaline soils. 
Toxicity of Imidan and Imidan Homologs 
Sherman et al. (1967) compared the toxicity of Imidan 
with those of five Imidan homologs composed of asymmetrical 
esters. They found that Imidan was the least toxic compound 
to the chick and the rat, and the most toxic by contact to 
/ 
adult house flies. 
Detection of Imidan 
Detection of Imidan residues has been accomplished by 
several methods, including colorimetry, flame photometric 
and electron-affinity gas chromatography. Two comparisons 
of the detection of Imidan using gas chromatography versus 
colorimetry are reported in the literature. Bowman and 
Beroza»s (1965) colorimetric technique utilized a chromo¬ 
tropic acid to assay for formaldehyde, which had previously 
been cleaved from the Imidan molecule by acid hydrolysis. 
This analytical technique was compared with an electron- 
affinity gas chromatographic technique. These investigations 
concluded that the gas chromatographic method required less 
clean-up and was faster, more accurate, more sensitive and 
more specific than the colorimetric method. 
Dorough et al. (1965) compared an anthranilic acid color 
imetry procedure devised by Batchelder et al. (1965) with a 
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sodium thermionic gas chromatographic method, and found that 
the gas chromatographic method was the better of the two. 
Batchelder et al. (1967) devised a colorimetric method 
of analysis which was based on the conversion of Imidan to 
anthranilic acid via the Hoffman rearrangement. A magenta- 
colored product with a maximum absorption of 570 mu was pro¬ 
duced by coupling the anthranilic acid with 3-methyl-2- 
benzothiazolone hydrazone (Eastman #8443). This method of 
analysis also detected Imidoxon, if it was present, but it 
did not distinguish between the two compounds. The method 
determined approximately 2 ug. of Imidan reliably, and pro¬ 
vided good specificity with low background levels. 
The first three gas chromatographic analytical procedures 
utilized an electron-affinity detection device. The method 
devised by Bowman and Beroza (1965) used a 50 cm., 4 mm. i.d. 
glass column which held 3.13 g. of 5% (w/w) of the ethyl 
acetate-soluble fraction of Dow Corning high vacuum silicone 
grease on acid-washed, 80 - 100 mesh Chromosorb W. An elec¬ 
tron-affinity detector containing tritium was used. Re¬ 
coveries of Imidan from milk obtained by this method were 93 
to 100% at levels of 0.01 to 5 ppm, and from sweet corn, 94 
to 106 % at levels of 0.05 to 10.0 ppm. 
The method conceived by Gutenmann et al. (1965) utilized 
a detector containing tritium and a U-shaped, 6 ft. x 3/16 in. 
column packed with 5% FFAP on 90 - 100 mesh acid- and base-washed 
and silanizcd Chromosorb W. The sensitivity of this method was 
found to be about 0.1 ppm of Imidan and 0.2 ppm of Imidoxon. 
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The third electron-affinity method as reported by Dorough 
et al. (1965) employed a 6 ft, x 4 mm. glass column packed 
with 1.5% S. E. 30 on 80 - 100 mesh acid-washed Chromosorb P. 
A sodium thermionic detector was used. Recoveries exceeded 
97 per cent with this method. 
The only flame detection technique reported in the 
literature (Bowman and Beroza 1966) utilized a glass column 
containing 10% DC-200 (w/w) on 80 - 100 mesh Gas Chrom Q. 
The advantage of the flame detection method over the electron- 
affinity techniques was that it provided a more rapid pro¬ 
cedure, combined with a lower minimum detection level. Imidan 
and Imidoxon were detected at minimum detection levels of 
0.002 ppm and 0.004 ppm, respectively. 
Residual Life of Irnidan 
Dorough et al. (1965) found that Imidan dissipated at a 
constant rate from bermudagrass, and that all residues had 
disappeared within 20 days after treatment. Leuck and Bowman 
(1968) reported that Imidan residues dissipated to below one 
ppm on corn in seven days, on soybeans in 15 days, and on 
bermudagrass in 15 days. Shaw et al. (1966) found that 
Imidan residues were below one ppm on alfalfa 15 days after 
treatment, and that they were not detectable (with the colo¬ 
rimetry analytical method used) 21 days after treatment. In 
all three of the residue studies, Imidan was applied at the 
rate of one Ib/acre. 
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INSECTICIDAL EFFECTIVENESS 
Alfalfa Pests 
The effectiveness of Imidan as an alfalfa pest control 
agent has been reported by several investigators. Favorable 
results with Imidan used against the alfalfa weevil were 
reported by Bass and Blake (1965b), Armbrust and Gyrisco 
(1966), Cothran et al. (1967), Dorsey (1966b), and Steinhauer 
(1962). Imidan was found to be ineffective against the al¬ 
falfa weevil when used as a stubble spray (Armbrust and 
Gyrisco 1965), and as a fall treatment for early spring in¬ 
festations (Bass and Blake 1965a). Koehler and Burton (1964) 
found that Imidan was not effective against the alfalfa 
weevil either as an emulsifiable concentrate or as a granular 
formulation. 
Variable results from Imidan as an aphidicide on alfalfa 
have been reported by two investigators. Nault et al. (1964) 
found that Imidan was the most effective material tested 
against aphids. However, Forsythe et al. (1962) found that 
although Imidan afforded good control of aphids up to seven 
days after treatment, it was not as effective as other insec¬ 
ticides over longer periods due to its short residual life. 
Imidan proved to be highly toxic to the adult alfalfa 
seed chalcid, Bruchophagus roddi (Gussakovskii), in labora¬ 
tory experiments with this insect (Bacon and Riley 1963). 
It also gave excellent control of the lucerne flea, Sminthurus 
viridis (L.) (MacFarlane 1967). 
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Vegetable Pests 
Experimentation with Imidan as a control agent for 
vegetable pests produced the following results. Effective 
control was reported for the melon aphid. Aphis gossypii 
Glover, and the melonworm, Diaphania hyalinata (L.) on canta¬ 
loupes up to five days after treatment (Harding 1962). 
Satisfactory control was reported for the potato flea beetle, 
Epitrix cucumeris (Harris) on potatoes, the potato aphid, 
Macrosiphum euphorbiae (Thomas) (Cannon 1965), and onion 
thrips, Thrips tabaci Lindeman (Howland and Wilcox 1966). 
Vegetable pests reportedly not satisfactorily controlled 
by Imidan were the cowpea curculio, Chalcodermus aeneus 
Boheman (Wolfenbarger and Schuster 1963), the leafhopper, 
Empoasca kraemeri (Ross & Moore) on beans (Wolfenbarger 1963), 
the turnip maggot, Hylemya floralis (Fallen) (Finlayson 1963), 
the cabbage maggot, Hylemya brassicae (Bouche) (Finlayson 
and Noble 1964), the onion maggot, Hylemya anticrua (Meigen) 
(Rawlins and Lodge 1966, Rawlins and Gonzalez 1966), and the 
two-spotted spider mite, Tetranychus uriticae (Koch) on 
cucumbers (McClanahan 1966). 
Pests of Grasses, Sugarcane and Roses 
Satisfactory control of the six-spotted leafhopper 
Macrosteles fascifrons (Stal) (Crete and Perron 1963) and 
leafhoppers on bermudagrass (Byers 1967) was achieved using 
Imidan. Imidan also satisfactorily controlled the sugarcane 
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froghopper, Aeneolamia varia saccharina (Distant) on sugarcane 
(Fewkes and Buxo 1967, Fewkes 1967, Fewkes and Lawrie 1965). 
Due to residue problems, DDT has been replaced by Imidan 
in Tasmania as the recommended control agent against the red- 
legged earth mite, Halotydeus destructor (Tucker) and the 
pea mite Penthaleus major (Duges) in pasture lands (Anonymous 
1967). 
Imidan did not produce satisfactory results when used 
against the red spider mite, Tetranychus telarius (L.), on 
roses (Wplfenbarger 1964) or the two-spotted spider mite on 
roses (Allen et al. 1964). 
Small Fruit Pests 
Schaefers (1964) concluded that Imidan gave promising 
results when used as a control measure for the strawberry 
leaf roller, Ancylis comptana fraqariae (Walsh & Riley). 
Other berry pests satisfactorily controlled by Imidan were 
the two-spotted mite, Tetranychus telarius (L.) on straw¬ 
berries (Schaefers 1965), the blueberry maggot, Rhaqoletis 
mendax (Howitt 1965, Howitt et al. 1965), the blueberry case- 
bearer, Chlamisus cribripennis (Lee.) (Wood 1965), and blue¬ 
berry thrips, Frankliniella vaccinii Morgan (Boulanger and 
Abdalla 1966). 
Imidan was reportedly ineffective when used against the 
cyclamen mite, Steneotarsonemus pallidus (Banks) on straw¬ 
berries (Schaefers 1963), the strawberry aphid, Chaetosiphon 
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fraqaefolli (Cockerell) = Pentatrichopus fraqaefolli (Cockerell) 
(Shanks 1963), the grape mealybug. Pseudococcus maritimus 
(Ehrhorn) (Jensen et al. 1964), and the red-banded leaf roller, 
Arqyrotaenia velutinana (Walker) (Cox 1966). Cone (1967) 
found that Imidan gave 60 per cent control of the currant 
borer, Ramosia tlpuliformis (Clerck), on currants. 
Tree Fruit Pests 
Extensive studies have been conducted to determine Imidan's 
usefulness as a fruit protectant. Imidan usage resulted in 
excellent initial knock-down of the apple aphid. Aphis pomi 
DeGeer (Wagner 1965, Wagner 1966b, Simpson 1966a). However, 
Wagner (1965) indicated that the residual effect of this in¬ 
secticide was not as sufficient as other insecticides tested 
to keep the aphids suppressed. 
Imidan has been found effective against the apple maggot, 
Rhaqoletis pomonella (Walsh) (Paradis 1963b, Paradis 1965b, 
Paradis 1968), the pale apple leaf roller, Pseudexentera mali 
Free. (Paradis 1963a, Paradis 1965a, Paradis and Simard 1966), 
the apple mealybug, Phenacoccus aceris (Sign.) (Sanford 1965c), 
the codling moth, Carpocapsa pomonella (L.) (Madsen 1965a, 
Madsen 1966, Wagner 1966b), the European red mite, Panonychus 
ulmi (Koch) (Sanford 1965b, Swift 1968), the bud moth, 
Spilonota ocellana (Denis & Schiffermuller), the red-banded 
leaf roller (Wagner 1966a, Wagner 1966b), and the plum cur- 
culio, Conotrachelus nenuphar (Herbst) (Forsythe and Rings 
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1965, Wagner 1966a, Wagner 1966b)* Simpson (1965c) achieved 
75 per cent control of newly hatched larvae of a laboratory 
strain of the oriental fruit moth, Grapholitha molesta (Busck), 
using Imidan at a concentration of 4 oz/100 gal. 
Sanford (1965a) found that Imidan was relatively inef¬ 
fective against the fruit-tree leaf roller, Archips argyro- 
spila (Walker). Wagner (1966b) stated that Imidan suppressed 
the European red mite, but that it did not give satisfactory 
control. Wagner (1966b) also reported that Imidan appli¬ 
cations resulted in no observable phytotoxicity on apples. 
Control of pear.pests as reported by Canadian investi¬ 
gators indicated variable results with Imidan. Madsen (1965b) 
did not achieve satisfactory control of the pear psylla, 
Psylla pyricola Foerster. However, Simpson (1965a) reported 
that the use of Imidan resulted in the hatching of only 8.1 
per cent of treated pear psylla eggs, and 83.3 per cent con¬ 
trol of newly-hatched psylla nymphs. In another experiment, 
Simpson (1965b) reported excellent control of pear psylla 
eggs and nymphs, but no control of the European red mite, on 
pears. 
Other fruit pests effectively controlled by Imidan were 
the cherry fruit fly, Rhagoletis clhgulata (Loew) (Simpson 
1966b), the oriental fruit moth on peaches (Simpson 1966c), 
and the codling moth (Downing 1963). 
Poor results with Imidan were reported by Forsythe (1966) 
against the adult periodical cicada, Magicicada septendecim 
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(L. ), and by Bobb (1966) against the lesser peach tree borer, 
Syananthedon pictipes (Grote & Robinson). Madsen et al. (1964) 
indicated that the use of Iraidan resulted in an initial de¬ 
crease in aphid populations on walnut. However, since this 
treatment also' brought about an initial kill of aphid pred¬ 
ators, aphid reinfestations were rapid. 
Cotton Pests 
Imidan has proven.very effective against cotton pests. 
Hanna and Walker (1963) achieved satisfactory control of the 
boll weevil, Anthonomus qrandis Boheman, with a mixture of 
Imidan and DDT. Excellent control of the boll weevil, boll- 
worms, Heliothis spp., and the cotton aphid. Aphis gossypii 
Glover, was reported by Hopkins and Taft (1964). A 90 per 
cent kill of boll weevils by using a 0.01 per cent concen¬ 
tration of Imidan was reported by Butt and Keller (1961). 
The standards used in this experiment, dieldrin and toxaphene, 
gave no kill at this level. Others reporting excellent con¬ 
trol of the boll weevil using Imidan were Cowan and Davis 
(1963) and Davis et al. (1962). The mite, Tetranychus 
cinnabarinus (Boisduval) (Eldefrawli et al. 1965), the desert 
spider mite, Tetranychus desertorum Banks (Cowan and Davis 
1963) , the brown stink bug, Euschistus impictiventris Stal, 
the Say Stink bug, Chlorochroa sayi Stal (Wene and Sheets 
1964) , and Lyqus herperus Knight (Bottger and Sparks 1962) 
on cotton were also effectively controlled with Imidan. 
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Cotton pests reportedly not satisfactorily controlled by 
Imidan were the tobacco thrips, Frankliniella fusca (Hinds) 
(Pfrimmer and Merkl 1962), and the tarnished plant bug, Lyqus 
lineolaris (Palisot de Beauvois) (Cleveland and Smith 1968). 
Walker et al. (1964) stated that Imidan had no ill effects 
on greenhouse-grown cotton, even when applied in excessive 
dosages. 
Cattle Pests 
Imidan has shown promise as a control agent for ecto¬ 
parasites of cattle. A 0.125 per cent concentration of Imidan 
WP-50 incorporated into a cattle spray resulted in a 99.9 
per cent reduction of the southern cattle tick, Boophilus 
microplus (Canestrini) and a 99.7 per cent reduction of the 
cattle tick, Boophilus annulatus (Say) (Drummond et al. 1968). 
Drummond and Medley (1965) found that the use of a 0.25 per 
cent Imidan spray resulted in excellent control of the lone 
star tick, Amblyomma americanum (L.), on the day of appli¬ 
cation, and Drummond, Whetstone, and Ernst (1967b) reported 
that this concentration resulted in 90 per cent control of 
the lone star tick. After one week, the Imidan treatments 
were equal to or better than the toxaphene standard. Imidan 
has also been shown to be effective against the spinose ear 
tick, Otobius megnini (Duges), on cattle (Drummond, Whetstone, 
and Ernst 1967a), and against the tropical horse tick, Anocentor 
nitens Neuman, on horses (Drummond and Ossorio 1966). 
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Graham and Drummond (1964) found that Imidan was not 
effective in completely preventing oviposition of Boophi3us 
spp. ticks when the ticks were dipped in 1%, 0.1% or 0.01% 
solutions of the insecticide* 
The southern cattle tick has developed a high degree of 
resistance to parathion. However, a very low degree of re¬ 
sistance was reported for Imidan, as well as for all other 
cholinesterase-inhibiting compounds except parathion (Shaw, 
Cook, and Carson 1968). 
Favorable results have been reported for Imidan when 
used against dipterous ectoparasites of cattle. Two per cent 
Imidan dust applied with back-rubbers gave excellent control 
of the hornfly, Haematobia irritans (L.), and five per cent 
» 
Imidan dust resulted in a reduction of face flies. Musea 
autumnalis DeGeer, throughout the fly season (Dorsey, Heishman, 
and Cunningham 1966). Hair and Adkins (1965), however, re¬ 
ported that Imidan incorporated into dusting stations and 
cable back-rubbers as self-applicatory devices for control 
of face fly was ineffective. Turner and Wang (1964) and 
Treece (1964) also reported promising results from using 
Imidan for control of face flies on cattle. Drummond (1963a) 
found that Imidan was highly effective against horn flies, 
but only slightly active against house flies. Musea domestica L. 
Dorsey (1966a) found that an Imidan-syrup mixture ap¬ 
plied to the faces of horses for control of face flies was 
effective only for approximately two hours. Mulla (1964) 
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reported that Imidan did not show promise as a control for 
the eye gnat, Hippelates collusor (Townsend). Also poor 
results were obtained with Imidan mixed with chicken rations 
for control of dipterous pests developing in droppings 
(Sherman and Komatsu 1963). Sherman et al. (1967) reported 
that Imidan was highly toxic to house fly larvae in chicken 
droppings when the insecticide was applied directly to the 
droppings. However, Imidan toxicity to house fly larvae in 
chicken droppings from chickens fed Imidan-treated rations 
was negligible. Imidan did show promise as a systemic in¬ 
secticide for control of the oriental rat fleas, Xenopsylla 
cheopis (Rothschild) on guinea pigs (Clark and Cole 1968). 
Effects of Imidan on Cattle 
Information on the physiological effects of Imidan on 
cattle indicated that this insecticide caused no noticeable 
ill effects when applied according to recommended dosages 
(Johnson, Lowrey et al. 1968). Although a 0.25 per cent 
Imidan spray produced depression of whole blood cholin¬ 
esterase activity in young cattle, the extent of this inhi¬ 
bition was not alarming (Rogoff et al. 1967). 
Johnson, Bowman, and Derbyshire (1968) found that Imidan- 
treated corn ensiled one day after treatment retained 28 per 
cent of the ensiled Imidan approximately three months after¬ 
ward. When Imidan was fed to lactating Jersey cows at rates 
of 0.04 to 0.44 mg/kg. body weight in treated silage, Imidan 
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did not appear in the milk (<0.01 ppm), did not affect silage 
consumption, and did not cause any obvious ill effects on the 
cows which could be attributed to the ingestion of its resi¬ 
dues. Johnson and Bowman (1968) reported that cows fed a 
daily average of 0.22 mg/kg. body weight of Imidan in silage 
were free of Imidan in their milk and urine (<0.002 ppm) 
and feces ( <0.004 ppm). They further indicated that this 
level of Imidan must have been converted into unidentified 
products before excretion. 
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MATERIALS AND METHODS 
Insecticidal Evaluation 
The insecticidal evaluation of Imidan in the field con¬ 
sisted of two spraying experiments. The applications for 
the first experiment were made on July 14, 1967, shortly 
after the second cutting of alfalfa. On May 14, 1968, the 
applications for the second field experiment were made to 
the initial spring growth of alfalfa. The plots for both ex¬ 
periments were located on the University of Massachusetts 
Farm in South Deerfield, Massachusetts. 
The 1967 experiment utilized two blocks, each containing 
six 400-sq. ft. plots. Each block contained one untreated 
control plot; one standard treatment of 1.5 lb/acre meth- 
oxychlor 2-E; one 0.5 lb/acre Imidan V7P-50 treatment; one 
1 lb/acre Imidan WP-50 treatment; one 0.5 lb/acre Imidan 3-E 
treatment; and one 1 lb/acre Imidan 3-E treatment.^ 
The insecticides were applied with hand-carried compressed 
air sprayers which delivered 100 gal/acre of dilute spray. 
The plots were sampled 3, 6, 10, and 17 days after treatment, 
using a standard 15-inch sweep net. Fifty sweeps were taken 
per plot. The insects from each sample were placed in a pint- 
size ice-cream carton supplied with an ethyl acetate-soaked 
^Dosages of insecticides applied in these experiments 
are expressed in lbs. of active ingredient per acre. 
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cotton plug, and taken to the laboratory for subsequent iden¬ 
tification and counting. 
The 1968 experiment utilized two blocks with three plots 
in each. The plot size, spraying technique, and sampling 
method were the same as in the 1967 experiment. Each block 
consisted of an untreated control plot, one 1 lb/acre Iraidan 
WP-50 treatment, and one 1 Ib/acre 3-E treatment. The insec¬ 
ticides were applied on May 14, and insect samples were taken 
1, 4, 9, 12, and 22 days after treatment. 
Insecticide Application for Residue Analysis 
The plot size and spraying technique in the residue 
investigations were the same as those used in the insecti¬ 
cidal evaluations. The treatments consisted of two blocks, 
each containing one untreated control plot, one 0.5 Ib/acre 
Imidan WP-50 treatment, one 1 lb/acre Imidan WP-50 treatment, 
one 0.5 Ib/acre Imidan 3-E treatment, and one 1 Ib/acre 
Iraidan 3-E treatment. The insecticides were applied on 
August 7, 1967, and residue samples were collected 0, 5, 10, 
15, and 21 days after treatment. The samples were packaged 
in heavy plastic bags and stored in a deep freeze. 
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STATISTICAL METHODS 
A split-plot in time design (Steel and Torrie 1960) was 
utilized to analyze the data for each insect group (see Tables 
A8 to A22)«^- The sources of variation were Blocks, Days, 
Treatments within Days, Block X Days, and Blocks X Treatments 
within Days, The ratios of the mean squares derived from 
the expectations of mean squares are found in Table A7„ 
The Duncans Range Test was utilized for those Treatments 
within Days whose F value was found to be significant. 
^Tables A1 through A23 are found in the Appendix, 
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RESIDUE ANALYSIS 
Clean-up of Plant Material 
The analytical method as outlined by Batchelder et al. 
(1967) was used, with slight modifications, to determine the 
Imidan residues. After thawing, 200 g. of each sample were 
mixed with 600 ml. of benzene in gallon jars. The benzene- 
sample mixture was shaken and left to stand over-night. The 
t 
benzene was then decanted from the alfalfa into a 1000 ml. 
flask, from which 15 ml. of this crop extract were trans¬ 
ferred to a 50 ml. flask to be evaporated down to approxi¬ 
mately 0.5 ml. This concentrated crop extract was trans¬ 
ferred to a 60 ml. separatory funnel by using 2 x 10 ml. of 
hexane. Finally, the hexane was partitioned with 2 x 5 ml. 
of ice cold acetonitrile, and the acetonitrile was collected 
for subsequent colorimetry. 
Colorimetry 
The sample was shaken for 20 seconds with 4 ml. of 
hypochloride solution (1 part 50% NaOH + 10 parts Clorox + 39 
parts distilled H2O), and this mixture was allowed to react 
for 20 minutes. The sample was then shaken with 4 ml. of a 
0.5 M sodium sulfite solution plus 10 ml. of chloroform, and 
the organic phase was discarded. Next the sample was rinsed 
with another 10 ml. of chloroform. The sample was then acidi 
fied with 2 ml. of 13% HC1 and rinsed with 2 x 10 ml. of 
chloroform. Five ml. of a sodium acetate solution (68 g. 
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sodium acetate trihydrate in 200 ml. of distilled H2O) were 
added to the sample to bring the pH to 4.6, and the anthra- 
nilic acid was extracted with 2 x 10 ml. of 3:1 methylene 
chloride-ethyl ether. The extract was collected in 25 ml. 
beakers, swirled over a small amount of sodium sulfate, and 
then decanted into a 40 ml. centrifuge tube. 
Five drops of 10% glycerine in methanol were added to 
the centrifuge tubes, and the solution was evaporated until 
the acetic acid odor was no longer evident. After the sample 
was allowed to cool, a 0.3 ml. of spectro grade acetonitrile, 
0.5 ml. of MBH solution [35.3 mg. of 3-methyl-2-benzothiazolone 
hydrazone (Eastman #8443)], and 1 ml. of 0.6% ferric chloride 
(0.24 g. ferric chloride hexahydrate in 25 ml. of distilled 
water) were added to the sample in the order given. The 
sample was then shaken and allowed to react for 20 minutes, 
after which the mixture was diluted to about 10 ml. with 
pH 7 buffer. The magenta color was extracted with 10 ml. of 
3:1 chloroform-butanol and swirled over sodium sulfate. The 
absorbance of the sample was then read at 570 mu on a 
Beckman DU Colorimeter against a water blank. 
Construction of Imidan Standard Curve 
Solutions containing 15, 20, 30, 40, and 45 ug. of 
analytically pure Imidan in 10 ml. of 3:1 chloroform-butanol 
solvent mixture were prepared and subjected to the colorimetric 
procedure described above. The resulting optical density 
readings (O. D.) were plotted against the amounts of Imidan 
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in the original solutions to produce the standard curve 
(Figure I). The calculations for the line of regression in 
Figure I are found in Table 1A. 
Calculation of the Percent Recovery of Imidan 
The per cent recovery of Imidan from alfalfa using the 
colorimetric technique was determined by first soaking a 200- 
gram sample of untreated alfalfa in 600 ml* of benzene for 
12 hours. Then 40 ml. of a solution containing 10 ug. of 
analytically pure Imidan per ml. of 3:1 chloroform-butanol 
was added to the alfalfa-benzene mixture, thus providing a 
sample with a known level of 2 ppm of Imidan. A 16 milli¬ 
liter aliquot of this liquid was then subjected to the clean¬ 
up and detection procedure previously explained. The result¬ 
ing optical density reading was 0.190, indicating 13.55 ug. 
of Imidan. Since the 16 ml. used constituted a 5 g. sample, 
the 13.55 ug. was divided by 5 to give 2.71 ug. or 2.71 ppm 
of Imidan, A correction factor of 1.06, derived by taking 
an average of the apparent ppm of Imidan, i.e., background 
color caused by plant materials found in the controls (Table 
2A), was subtracted from the 2.71 ppm reading to give 1.65 
ppm of Imidan. A recovery of 82.5 per cent was calculated by 
dividing the actual 2 ppm into the 1.65 ppm of recovered 
Imidan as follows: 
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200 g. 
640 ml. 
O. D. reading for the 5 gram sample containing 
2 ppm of Imidan . . . . .  
0.190 on the standard curve ...  
Dividing by 5, the sample size in grams, gives . . . 
2.71 - 1.06 (correction factor) .. 
Amount of Imidan recovered ....  
Known amount of Imidan in sample.. . . . 
Per cent of Imidan recovered ••••••••••• 
0.190 
13.55 ug. 
2.71 ppm 
1.65 ppm 
1.65 ppm 
2.00 ppm 
82.5 
Quantities Used: 
Alfalfa sample size 
Amount of benzene 600 ml. 
Amount of Imidan-chloroform-butanol 
containing 2 ppm of Imidan # • • 40 ml. 
Total amount of liquid 
Formula and Calculations 
200 q. 
640 ml. 
5 q. 
x ml. x = 16 ml 
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RESULTS OF INSECTICIDAL EVALUATION IN THE FIELD 
Alfalfa Weevil 
In 1967, all of the Imidan and methoxychlor treatments 
afforded significant control of the alfalfa weevil through 
the sixth day after treatment (Table I). However, there were 
no significant differences between the treated plots on either 
the third or the sixth days, and no significant differences 
between the treated and control plots after the sixth day 
following treatment. 
Table I.—Comparison of two formulations of Imidan with a 
methoxychlor standard treatment for control of 
the alfalfa weevil, South Deerfield, Massachusetts - 
1967. 
July 17: (Three days after treatment) 
Treatment: Imidan Imidan Imidan Methoxychlor Imidan Control 
WP-50 3-E WP-50 (2-E) WP-50 
Dosage in 
Ib/acre: (1 1/2) (1) (1) (1 1/2) (1/2) 
Mean: 1.00 1.00 1.21 1.21 1.50 5.00 
July 20: (Six days after treatment) 
Treatment: Imidan Imidan Imidan Imidan Methoxychlor Control 
WP-50 3-E WP-50 WP-50 (2-E) 
Dosage in 
lb/acre: (1 1/2) (1) (1) (1/2) (1 1/2) 
Mean: 1.00 1.00 1.21 1.21 1.50 4.41 
1. The means in these range tests are the average 
number of adults + larvae per 50 sweeps. 
All means included under the same line are not 
significantly different. 
2 
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Analysis of the results of the 1968 comparison of Imidan 
WP-50 and Imidan 3~E treatments (Table II) showed no significant 
differences between the two formulations on the first and ninth 
days after treatment. However, the WP-50 formulation was sig¬ 
nificantly better at the 0.05 level than 3-E formulation on 
/ 
the 12th and 22nd days following treatment. Both formulations 
were significantly better than the control on the 1st, 9th, 
12th, and 22nd days following treatment. There were no 
significant differences between the treated and untreated 
plots on the fourth day following treatment. 
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Table II.—Comparison of two formulations of Imidan for control 
of the alfalfa weevil. South Deerfield, Massachusetts 
1968. 
May 15: (One day following treatment) 
Treatment: Imidan Imidan Control 
WP-50 3-E 
Dosage in 
Ib/acre: (1) (1) 
/ 
Mean: 0.00 1.00 11.50 
May 23: (Nine days following treatment) 
Treatment: Imidan Imidan Control 
WP-50 3-E 
. 
Dosage in 
Ib/acre: (1) (1) 
Mean: 2.00 2.00 9.00 
May 26: (Twelve days following treatment) 
Treatment: Imidan Imidan Control 
WP-50 3-E 
Dosage in 
lb/acre: (1) (1) 
Mean: 2.00 5.00 15.00 
June 5: (Twenty-two days following treatment) 
Treatment: Imidan Imidan Control 
WP-50 3-E 
Dosage in 
Ib/acre: (1) (1) 
Mean: 99.5 111.0 174.0 
1. The means in these range tests are the average number 
of adults + larvae per 50 sweeps. 
2. Due to much larger insect numbers on June 5, which 
overshadowed any significant differences found on the 
earlier sampling dates, it was necessary to separate 
the data for two analyses. The range test for the 
period through May 26 are the results of an analysis 
of variance through that date. The June 5th range 
test includes all of the data including June 5. 
(see Tables A8 and A9) 
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Aphids - 
In 1967 the one lb/acre 3-E, 1 1/2 lb/acre WP-50, and 
one Ib/acre WP-50 Imidan applications all resulted in sig¬ 
nificantly better control of aphids-1- than did the 1/2 lb/acre 
Imidan WP-50 or the 1 1/2 lb/acre methoxychlor treatments 
on the third and sixth days following treatment (Table III)* 
On the third and sixth days, there was no significant dif- 
i 
ferences between the one and the 1 1/2 lb/acre Imidan treat¬ 
ments or between the 1/2 lb/acre Imidan WP-50 and 1 1/2 
lb/acre methoxychlor treatments. All treatments were sig¬ 
nificantly better than the control. 
On the tenth day, the one lb/acre Imidan 3-E treatment 
was the only one that was significantly better than the 
control. The Imidan WP-50 one lb/acre and 1 1/2 lb/acre 
treatments were significantly better than the Imidan 1/2 
Ib/acre WP-50 and the methoxychlor treatments, but not sig¬ 
nificantly better than the control. All Imidan treatments 
and the control were significantly better than the methoxy- 
clor treatments. 
There were no significant differences between the 
treated and the control plots on the 17th day following 
treatment in the 1967 experiment. In the 1968 experiment, 
there were no significant differences in aphid numbers be¬ 
tween the treated plots and the control on any sampling day. 
^Lists of species included in each group of insects 
discussed are found in Table A23. 
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Table III.—Comparison of two formulations of Imidan with a 
methoxychlor standard treatment for aphid control, 
South Deerfield, Massachusetts - 1967. 
July 17: (Three days following treatment) 
Treatment: Imidan Imidan Imidan Imidan Methoxychlor Control 
3-E WP-50 WP-50 WP-50 2-E 
Dosage in 
Ib/acre: (1) (1 1/2) (1) (1/2) (1 1/2) 
Mean: 28 31.5 41.5 82.5 96.5 178.5 
July 20: (Six days following treatment) 
Treatment: Imidan Imidan Imidan Imidan Methoxychlor Control 
3-E WP-50 WP-50 WP-50 2-E 
Dosage in 
lb/acre: (1) (1 1/2) (1) (1/2) (1 1/2) 
Mean: 34 36 44.5 122.5 135.5 469.0 
July 24: (Ten days following treatment) 
Treatment: Imidan Imidan Imidan Control Imidan Methoxychlor 
3-E WP-50 WP-50 WP-50 2-E 
Dosage in 
lb/acre: (1) (1 1/2) (1) (1/2) (1 . 1/2) 
Mean 56.5 72.5 83.5 103.5 125.0 187 
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Leafhoppers 
In 1967 all treatments were significantly better than 
the control on the third and sixth days following application 
(Table IV). However, there were no significant differences 
between the treated plots. Seventeen days after application, 
the 1 1/2 lb/acre methoxychlor treatments were significantly 
better than the one lb/acre Imidan WP-50 treatments, which in 
turn were significantly better than all other treatments and 
the control. 
Table IV.—Comparison of two formulations of Imidan with a 
methoxychlor standard treatment for leafhopper 
control. South Deerfield, Massachusetts —• 1967. 
July 17: (Three days following treatment) 
Treatment: Methoxychlor Imidan Imidan Imidan Imidan Control 
2-E 3-E WP-50 WP-50 WP-50 
Dosage in 
Ib/acre: (1 1/2) (1) (1 1/2) (1/2) (1) 
Mean: 6.00 9.5 10.0 17.0 18.5 44.5 
July 20: (Six days following treatment) 
Treatment: Methoxychlor Imidan Imidan Imidan Imidan Control 
2-E WP-50 3-E WP-50 WP-50 
Dosage in 
Ib/acre: (1 1/2) (1 1/2) (1) (1) (1/2) 
Mean: 7.5 9.0 9.5 11.5 15.0 48.5 
July 31: (Seventeen days following treatment) 
Treatment: Methoxychlor Imidan Imidan Imidan Imidan t Control 
2-E WP-50 3-E WP-50 WP-50 
Dosage in 
Ib/acre: (1 1/2) (1) (1) (1 1/2) (1/2) 
Mean: 99.5 118.5 138.5 148.5 157.0 192.5 
There was no significant difference between the one Ib/acre 
Imidan 3-E treatments and the 1 1/2 lb/acre Imidan WP-50 
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treatments, or between the 1 1/2 lb/acre and the 1/2 Ib/acre 
Imidan WP-50 treatments. There were no significant differences 
between the treated plots and the control plots on the tenth 
day following treatment. 
There was no significant difference between the two for¬ 
mulations of Imidan for control of leafhoppers on the fourth 
day following treatment in the 1968 experiment (Table V). 
Table V.—Comparison of two formulations of Imidan for control 
of leafhoppers. South Deerfield, Massachusetts - 1968. 
May 18: (Four days following treatment) 
Treatment: Imidan Imidan Control 
WP-50 3-E 
Dosage in 
lb/acre: (1) (1) 
Mean: 0.0 0.5 7 
June 5: (Twenty-two days following treatment 
Treatment: Imidan Imidan Control 
3-E WP-50 
Dosage in 
lb/acre: (1) (1) 
Mean: 16 22 24.5 
However, both formulations were significantly better than the 
untreated controls. There were no significant differences 
between the two formulations or between the two formulations 
and the control on the 1st, 9th, and 12th days after treatment. 
However, on the 22nd day following treatment, the one lb/acre 
Imidan 3-E treatments were significantly better than the one 
lb/acre Imidan WP-50 treatments, which were in turn signifi¬ 
cantly better than the controls. 
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Spittle Bugs 
An analysis of variance revealed no significant dif¬ 
ferences between the treated plots or between the treated 
plots and the control on the 3rd, 6th, and 10th days follow¬ 
ing treatment for spittle bugs in 1967, On the 17th day the 
one lb/acre Imidan 3-E treatments were significantly less 
effective than all other treatments and contained significant¬ 
ly more spittle bugs than did the control (Table VI). The one 
and the 1 1/2 Ib/acre Imidan WP-50 treatments were signifi¬ 
cantly better than the control; however, they were not sig¬ 
nificantly different from each other or from the 1/2 lb/acre 
Imidan WP-50 treatment. Also there was no significant dif¬ 
ference between the 1/2 Ib/acre Imidan WP-50 and the 1 1/2 
Ib/acre methoxychlor treatments and the controls. 
The spittle bug counts in 1968 were too low to justify 
a statistical analysis. 
Table VI.—Comparison of two formulations of Imidan with a 
methoxychlor standard treatment for control of 
spittle bugs. South Deerfield, Massachusetts - 1967. 
July 31: (Seventeen days following treatment) 
Treatment: Imidan 
WP-50 
Imidan 
WP-50 
Imidan 
WP-50 
Methoxychlor 
2-E 
Control Imidan 
3-E 
Dosage in 
lb/acre: (1) (1 1/2) (1/2) (1 1/2) (1) 
Mean: 20.5 20.5 23.0 28.0 28.0 35 
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Plant Bugs 
In 1967 there was no significant difference in plant bug 
numbers between the plots, except on the 17th day following 
treatment. Although the control plots contained significant¬ 
ly fewer plant bugs than did any of the treatments, there 
were significant differences between the treated plots (Table 
VII). The one Ib/acre Imidan WP-50 treatments were signifi¬ 
cantly less effective than all other treatments. The one 
Ib/acre Imidan 3-E treatments were significantly better than 
the 1 1/2 lb/acre Imidan WP-50 treatments, but not signifi¬ 
cantly different from the 1/2 lb/acre Imidan WP-50 and 
1 1/2 Ib/acre methoxychlor treatments. Also, there were no 
significant differences between the 1/2 and 1 1/2 Ib/acre 
Imidan WP-50 and the 1 1/2 Ib/acre Methoxychlor treatments. 
Table VII.--Comparison of two formulations of Imidan with a 
methoxychlor standard treatment for the control 
of plant bugs. South Deerfield, Massachusetts - 
1967. 
July 31: (Seventeen days following treatment) 
Treatment: Control Imidan Imidan Methoxychlor Imidan Imidan 
3-E WP-50 2-E WP-50 WP-50 
Dosage in 
Ib/acre: (1) (1/2) (1 1/2) (1 1/2) (1) 
Mean: 70.0 83.5 91.5 97.0 98.5 117 
Analysis of the 1968 bug data revealed no significant 
difference between the treated plots, or between the treated 
and control plots, on any of the sampling dates. 
Grasshoppers, Lepidopterous Larvae, 
and Beneficial Insects 
All species of grasshoppers collected were grouped to¬ 
gether for analysis in both the 1967 and 1968 field experi¬ 
ments, as were all species of lepidopterous larvae and all 
species of beneficial insects. Results of these six analyse 
showed no significant differences for any of the groups in 
either year (Table A19 to A22). 
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DISCUSSION OF THE INSECTICIDAL EVALUATIONS 
Alfalfa Weevil 
In 1967, all formulations and dosages of Iraidan that 
were applied appeared to be as good as the recommended 1 1/2 
Ib/acre methoxychlor treatment. However, none of the treat¬ 
ments gave satisfactory control beyond the sixth day follow¬ 
ing treatment, Imidan was not compared with the methoxy¬ 
chlor standard in 1968; however, both formulations of Imidan 
applied at a rate of one lb/acre produced significant control 
of the alfalfa weevil up to 22 days after application. 
Results of the 1968 study indicated that both formu¬ 
lations of Imidan functioned equally well in the control of 
alfalfa weevils through nine days after application. How¬ 
ever, the one Ib/acre Imidan WP-50 treatments showed sig¬ 
nificantly better control than the one lb/acre Imidan 3-E 
treatments on the 12th and 22nd days following these appli¬ 
cations, These results indicate that Imidan WP-50 provided 
better control of the alfalfa weevil over a longer period of 
time than did Imidan 3-E, and that both Imidan 3-E and WP-50 
at one lb/acre both provided significant control for 22 days 
after application. 
Aphids 
The Imidan 3-E treatments resulted in control of aphids 
through the tenth day after application; all one or more 
lb/acre Imidan treatments gave better control than the 
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methoxychlor standard treatment through the tenth day. These 
results indicate that a one Ib/acre Imidan 3-E application 
provided better control of aphids than did the methoxychlor 
treatments tested. Also the one or 1 1/2 lb/acre Imidan 
WP-50 treatments resulted in better control than did the 
methoxychlor standard treatment. None of the treatments 
gave satisfactory results after the tenth day. 
The 1968 comparison of the one lb/acre Imidan WP-50 and 
3-E treatments showed no significant differences in aphid 
counts throughout the experiment. The 1967 results with 
these two formulations indicated that the two formulations 
functioned equally well in the control of aphids through the 
sixth day; however, on the tenth day the 3-E formulation 
gave better control than the WP-50. 
Leafhoppers 
All treatments resulted in satisfactory control of leaf- 
hoppers through the 17 days of the 1967 experiment. The 
methoxychlor-treated plots contained the lowest number of 
leafhoppers throughout the experiment; however, this treat¬ 
ment was significantly better than the other treatments only 
on the 17th day. The one Ib/acre Imidan WP-50 treatments 
were significantly better than all other Imidan treatments 
on the 17th day after application. The methoxychlor treat¬ 
ments, therefore, gave the best control of leafhoppers, 
followed by the one lb/acre Imidan WP-50 treatments. 
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Of the two Imidan formulations, the 3-E formulation gave 
the best control of leafhoppers in 1968. However, in 1967, 
the one Ib/acre WP-50 treatment performed better than the one 
lb/acre 3-E treatments. 
Spittle Bugs 
The 1/2, 1 and 1 1/2 lb/acre Imidan WP-50 treatments 
resulted in the best control of spittle bugs in 1968, based 
on an analysis of the data collected 17 days following appli¬ 
cation. Only the 1 and 1 1/2 Ib/acre Imidan WP-50 treatments 
* were significantly better than the control which in turn con¬ 
tained significantly fewer spittle bugs than did the Imidan 
3-E treatments. These data indicate that a 1 or 1 1/2 lb/acre 
treatment of Imidan WP-50 provided significantly better con¬ 
trol of spittle bugs than did any of the other treatments. 
Also the Imidan WP-50 treatment appeared to give better con¬ 
trol than did the Imidan 3-E treatments. 
Plant Bugs 
Significant differences in plant bug numbers between 
plots were found only on the 17th day of the 1967 experiment, 
and on none of the sampling dates in 1968. In 1967, none of 
the treated plots were significantly better than the controls; 
however, the one lb/acre Imidan 3-E treatments were signifi¬ 
cantly better than the one lb/acre Imidan WP-50 treatments. 
Grasshoppers, Lepidopterous Larvae, 
and Beneficial Insects 
Too few grasshoppers, lepidopterous larvae or bene¬ 
ficial insects were collected in either 1967 or 1968 to 
justify drawing any conclusions as to the effectiveness of 
Imidan on these groups. 
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RESULTS OF RESIDUE ANALYSES 
The treated and control samples of alfalfa collected 0, 
5, 10, 15, and 21 days following treatment were subjected to 
the clean-up and detection procedure explained in the Materials 
and Methods section. The resulting optical density reading 
for each sample (Tables A3 through A6) was compared with the 
standard curve to determine the ug. of Iroidan still present 
in the sample, and the ppm of Iraidan were calculated from 
the remaining ug. of Imidan. The correction factor of 1.06 
was subtracted from the apparent ppm value for each sample 
to give a corrected ppm value. The disappearance rates of 
Imidan 3-E and Imidan WP-50 treatments are found in Table X. 
Table X.—Disappearance of Imidan 3-E and Imidan WP-50 from 
Alfalfa - Amherst, Massachusetts - 1967 
Days 
after 
treat¬ 
ment 
Average hgt. 
of control 
plants (in 
inches) 
Imidan (ppm) 
0.5 lb/ 
acre:WP-50 
0.5 lb/ 
acre:3-E 
1 lb/ 
acre: WP-50 
1 lb/ 
acre:3-E 
0 8.8 33.86 20.95 57.11 44.42 
5 12.9 3.58 3.87 10.74 9.87 
10 16.9 2.27 2.09 3.42 5.06 
15 21.7 0.34 0.94 1.52 2.00 
21 25.0 0.04 0.00 0.00 0.37 
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DISCUSSION OF RESIDUE FINDINGS 
As shown in Table X, the initial deposition of Imidan 
WP-50 was greater than that of Imidan 3-E. However, except 
for those found on day 0, the residues from the two formu¬ 
lations on any given day were closely related. After day 0, 
the difference between formulations when they were applied 
in equal amounts was less than 1 ppm, except on the 10th day 
following treatment when the 1 lb/acre 3-E treatment showed 
1.64 ppm more than the 1 lb/acre WP-50 treatment in the 
samples collected. By the 21st day following application, 
all residues were below the sensitivity level of the ana¬ 
lytical method. 
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GENERAL SUMMARY AND CONCLUSIONS 
The alfalfa weevil is the most important pest to be con¬ 
sidered in an alfalfa pest control program in Massachusetts. 
In this study Imidan proved to be a more effective insecticide 
for alfalfa weevil control than did the recommended methoxy- 
chlor treatment. And Imidan WP-50 appeared to provide longer 
lasting control than did Imidan 3-E. 
Both formulations of Imidan proved to be more effective 
in the control of aphids than did the recommended methoxy- 
chlor treatments. However, the 3-E formulation consistently 
performed better than the WP-50 formulation so far as aphid 
control was concerned. 
The standard methoxychlor treatments were more effective 
for control of leafhoppers than were any of the Imidan treat¬ 
ments. The comparison of the two Imidan formulations for 
control of leafhoppers was inconclusive since the WP-50 for¬ 
mulation performed better than the 3-E formulation in 1967, 
whereas in 1968 the order of performance was reversed. 
Imidan WP-50 provided better control of spittle bugs 
than did either Imidan 3-E or methoxychlor. None of the 
treatments tested gave satisfactory control of plant bugs. 
Spray applications of Imidan WP-50 resulted in higher 
depositions of insecticide on the day of application than 
did Imidan 3-E sprays. However, by the 21st day following 
treatment, both formulations showed less than 1 ppm of Imidan 
residue remaining. 
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Table A7.—Ratios of Mean Squares 
Source df 
Total 47 
Blocks 1 
Days 3 
Treatments:Days 20 
T:Di 
T:D2 
T:D3 
T:D4 
T:D5 
Block Days 3 
Ratio of mean squares 
B/BT:D 
D/BT:D 
T:D/BT:D 
5 TtDj/BTlD 
5 T:D2/BT:D 
5 T:D3/BT:D 
5 T:D4/BT:D 
5 T:D5/BT:D 
BD/BT:D 
BT:D 20 
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Table A8.—Analysis of Variance of 1967 Alfalfa Weevil 
Control Data 
Source df SS MS F 
Total 47 67.39 
Blocks 1 2.700 2.700 3.896 
Days 3 3.500 1.167 1.683 
Treatment:Days 20 46.120 2.306 3.328** 
T:Di 5 27.100 5.420 7.821** 
T:D2 5 17.700 3.540 5.108** 
T:D3 5 1.170 0.234 0.338 
T:D4 5 0.560 0.112 0.161 
Blocks Days 3 1.210 0.403 0.582 
BT:D 20 13.860 0.693 
Table A9.— Analysis of Variance of 1968 Alfalfa 
Control Data (Exclusive of June 5th 
Weevil 
counts). 
Source df SS MS F 
Total 23 613.33 26.67 
Blocks 1 1.50 1.50 0.37 
Days 3 102.33 34.11 8.36* 
Treatment: DaySg 432.00 54.00 13.24** 
T:Di 2 162.33 81.17 19.89** 
T:D2 2 19.00 . 8.50 2.08 
T:D3 2 65.34 32.67 16.34** 
T:D4 2 185.33 92.67 46.34** 
Block Days 3 44.83 14.94 3.66 
BT:D 8 32.67 4.08 
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Table A10.—Analysis of Variance of 1968 Alfalfa Weevil 
Control Data (Including June 5th counts). 
Source df SS MS F 
Total 29 89358.70 3081.33 
Blocks 1 1569.63 1569.63 11.92** 
Days 4 73708.87 18427.22 139.92** 
Treatment:Days 10 6866.33 686.63 5.21** 
T:Dj 2 162.33 81.17 0.62 
T:D2 2 19.00 9.50 0.14 
T:D3 2 65.33 32.67 0.25 
T :D4 2 185.33 92.67 0.70 
T:Ds 2 6434.33 3217.17 24.43** 
Block Days 4 5896.87 1474.22 11.19** 
BT:D 10 1317.00 131.70 
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Table All.—Analysis of Variance of 1967 Aphid Control Data 
Source df SS MS F 
Total 47 173765.25 
Blocks 1 12805.33 12805.33 9.60** 
Days 3 27475.75 9158.58 6.87** 
Treatment:Days 20 82847.50 4142.38 3.11** 
T:Di 5 32884.42 6576.88 4.93** 
T :D2 5 20901.67 4180.33 3.13* 
T:D3 5 21992.67 4398.53 3.30* 
T:D4 5 7068.75 1413.75 1.06 
Blocks Days 3 23961.84 7987.28 5.99** 
BT:D 20 26674.83 1333.74 
Table A12. —Analysis of Variance of 1968 Aphid Control Data 
Source df SS MS F 
Total 29 2052.97 
Blocks 1 4.04 4.04 0. 09 
Days 4 1400.47 350.12 7. 99** 
Treatment: Days 10 204.00 20.40 0. 46 
Block Days 4 6.46 1.62 0. 04 
BT: D 10 438.00 43.80 
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Table A13.—Analysis of Variance of 1967 Leafhopper Control 
Data 
Source df SS MS F 
Total 47 163353.98 3475.62 
Blocks 1 513.52 513.52 4.71* 
Days 3 142603.12 47534.41 52.28** 
Treatment:Days 20 15328.25 766.41 7.03** 
T:Dx 5 1965.42 393.08 3.60* 
T: D2 5 2473.67 494.73 4.53* 
T:D3 5 515.75 103.15 0.95 
T:D4 5 10374.42 2074.88 19.03** 
Block Days 3 2727.73 909.24 8.33* 
BT:D 20 2181.25 109.06 
Table A14. —Analysis of Variance of 1968 Leafhopper Control 
Data (including June 5th counts). 
Source df SS MS F 
Total 47 1877.47 39.95 
Blocks 1 0.13 0.13 0.03 
Days 4 1582.14 395.53 85.43** 
Treatment: Days 10 190.33 19.30 4.16* 
T:D^ 2 14.33 7.17 1.55 
T:D2 2 61.00 30.50 6.59* 
T:D3 2 4.30 2.17 0.47 
T:D4 2 34.30 17.17 3.71 
T:D5 2 76.33 38.17 8.24** 
Block Days 4 58.53 14.63 3.16 
10 46.34 4.63 BT:D 
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Table A15.—Analysis of Variance of 1968 Leafhopper Control 
Data (exclusive of June 5th counts) 
Source df SS MS F 
Total 23 259.96 11.30 
Blocks 1 9.38 9.38 0.86 
Days 3 48.46 16.15 1.49 
Treatment:Days 8 114.00 14.25 1.31 
Block Days 3 1.12 0.37 0.03 
BT:D 8 87.00 10.86 
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Table A16. 
—Analysis of Variance of 1967 Plant Bug Control Data 
Source df SS MS F 
Total 47 49150.00 1045.74 
Blocks 1 816.75 816.75 6.54* 
Days 3 40706.17 13568.72 108.67** 
Treatment: Days 20 3770.83 188.54 1.51 
T;DX 5 253.67 50.73 0.41 
T:D2 5 456.75 91.35 0.73 
T:D3 5 573.00 114.60 0.92 
T:D4 5 2487.42 497.48 3.98* 
Block Days 3 1358.75 452.92 3.63* 
BT:D 20 2497.50 124.86 
Table A17. —Analysis of Variance of 1968 Plant Bug Control Data 
Source df SS MS F 
Total 29 4318.70 148.92 
Blocks 1 9.63 9.63 0.23 
Days 4 3503.87 875.97 21.23** 
Treatment: Daysio 373.33 37.33 0.90 
Block Days 4 19.20 4.80 0.12 
BT: D 10 412.67 41.27 
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Table A18.--Analysis of Variance of 1967 Spittle Bug 
Control Data 
Source df SS MS F 
Total 47 5185.48 110.33 
Blocks 1 82.68 82.68 5.44* 
Days 3 4167.56 1389.19 67.37** 
Treatment: DaYs2o 412.42 20.62 1.36 
T:Dj_ 5 30.67 6.13 0.40 
T:D2 5 41.42 8.28 0.54 
T:D3 5 23.67 4.74 0.31 
T:D4 5 316.67 63.33 4.17** 
Block Days 3 219.07 73.02 4.80* 
BT: D 20 303.75 15.19 
Table A19. —Analysis of Variance of 
Larvae Control Data 
1967 Lepidopterous 
Source df SS MS F 
Total 47 12.93 0.275 
Blocks 1 0.19 0.190 1.38 
Days 3 4.24 1.410 10.22** 
Treatment: Days20 4.83 0.241 1.74 
T:Di 5 0.51 0.102 0.739 
T:D2 5 1.55 0.31 2.25 
T:D3 5 1.01 0.202 1.46 
T:D4 5 1.76 0.352 2.55 
Block Days 3 0.90 0.30 2.17 
20 2.77 0.138 BT: D 
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Table A20.—Analysis 
Control 
of Variance of 
Data 
1967 Grasshopper 
Source df SS MS F 
Total 47 65.01 1.38 
Blocks 1 0.22 0.22 0.56 
Days 3 47.68 15.89 40.74** 
Treatment:Days 20 8.85 0.44 1.13 
Block Days 3 0.41 0.14 0.36 
BT:D 20 7.85 0.39 
Table A21. —Analysis of 
Beneficial 
Variance of 
Insects 
1967 Counts of 
Source df SS MS F 
Total 47 1301.92 27.70 
Blocks 1 90.75 90.75 3.68 
Days 3 139.75 46.58 . 1.89 
Treatment: Days 20 409.17 20.46 0.83 
Block Days 3 168.75 56.25 2.28 
BT:D 20 493.50 24.68 
Table A22. —Analysis of 
Beneficial 
Variance 
Insects 
of 1968 Counts of 
Source df SS ‘ MS F 
Total 29 895.37 30.87 
Blocks 1 2.70 2.70 0.15 
Days 4 409.87 102.47 5.53 
Treatment: Days 10 190.00 19.00 1.03 
Block Days 4 107.47 26.87 1.45 
BT:D 10 185.33 18.53 
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Table A23.—List of Insects by Species Commonly Found 
in Our Sweep Net Collections from Alfalfa 
Aphids 
Pea aphid, Acyrthosiphon pisum (Harris) 
Leafhoppers 
Potato leafhopper, Empoasca fabae (Harris) 
Six-spotted leafhopper, Macrosteles fascifrons (Stal) 
Clover Leafhopper, Acerataqallia sanquinolenta (Provancher) 
Painted leafhopper, Endria inimica (Say) 
Bog leafhopper. Helochara communis (Fitch) 
Plant Bugs 
Tarnished plant bug, Lyqus lineolaris (Palisot de Beauvois) 
Garden fleahopper, Halticus brateatus (Say) 
Alfalfa plant bug, Adelphocoris lineolatus (Goeze) 
Meadow plant bug, Leptopterna dolabrata (Linnaeus) 
Rapid plant bug, Adelphocoris rapidus (Say) 
Capsus spp. 
Spittle Bugs 
Meadow spittle bug, Philaenus spumarius (Linnaeus) 
Beneficial Insects 
Nabis rufusculus (Reuter) 
Nabis roseipennis (Reuter) 
Nabis alternatus (Parshley) 
Coleomeqilla maculata DeGeer 
Coccinella novemnotata Falderraann 
Coccinella transversoquttata Falderraan 
Coccinella trifasciata Linnaeus 
Hippodamia convergens (Say) 
Hippodamia parenthesis (Say) 
Chrysopa oculata Say 
Podisus placidus Uhl. 
Podisus maculiventris (Say) 
Tetrastichus incertus (Ratzeburg) 
Bathyplectes curculionis (Thoms.) 
Grasshoppers 
Melanoplus femurrubrum (DeGeer) 
Melanoplus bivittatus (Say) 
Lepidopterous Larvae 
Colias eurytheme Boisduval 
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